Purpose Breast cancer treatment has progressed significantly over the past 20 years. However, knowledge regarding male breast cancer (MBC) is sparse because of its rarity. This study is an investigation of the clinicopathologic features, treatments, and clinical outcomes of MBC.
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Introduction
Since the early 2000s, the incidence of female breast cancer (FBC) in the United States has been decreasing, a phenomenon attributed to a decline in the use of hormone replacement therapy among postmenopausal women [1] . In contrast, according to the Surveillance, Epidemiology and End Result and the United Kingdom Association of Cancer Registries databases, between the 1970s and 2000s, the incidence of male breast cancer (MBC) increased from 0.1% to 1% [2, 3] .
In Korea, according to the annual report of cancer statistics, the incidence of MBC increased from 0.041% in 1999 to 0.068% in 2012 [4] . Furthermore, studies indicate that the incidence of MBC in Korea was as high as 0.27%-0.58% [5] [6] [7] . Because MBC is rare, the general treatment approaches for MBC are based upon those for FBC [8] . Since the development of human epidermal growth factor receptor 2 (HER-2)-targeted agents such as trastuzumab, pertuzumab, trastuzumab-DM1, and lapatinib, and hormone agents such as aromatase inhibitors, the treatment outcomes for FBC have improved remarkably. However, these treatments have not been fully implemented in MBC patients because of the lack of clinical trials investigating MBC, as well as concerns that the tumor biology may be different between the sexes. Moreover, studies have reported contradictory treatment outcomes between MBC and FBC patients [9] [10] [11] .
In the present study, we analyzed data from seven Korean institutions, spanning a 20-year period, to evaluate the clinicopathologic characteristics, treatment strategies, and clinical outcomes of MBC patients in the modern treatment era. The treatment outcomes and prognostic factors affecting survival were also evaluated. (Fig. 1) .
Materials and Methods

Patients
The patients' medical records were reviewed in July 2015 to obtain the age at diagnosis, complaints at the time of diagnosis, symptom duration, family history of cancer, marital status, smoking habits, alcohol intake, pathologic features, treatments, and clinical course of the disease. Approval for this study was obtained from the Institutional Review Board of The Catholic Medical Center (No. XC15RIMI0046O). The informed consent was waived because of its retrospective design of the study.
Statistical analyses
All statistical analyses were performed using SPSS ver. 19.0 (IBM Co., Armonk, NY). Descriptive statistics are presented for the baseline characteristics. To compare two groups, we used the chi-square test for categorical variables, the t test for continuous variables, and the non-parametric Mann-Whitney U test when the assumption of normality was questionable. Overall survival (OS) was defined as the time interval from the date of diagnosis to that of death from any cause or the last follow-up date. Disease-free survival (DFS) was defined as the time interval between the date of diagnosis and that of the first recurrence or death from any cause. Survival data were estimated using the Kaplan-Meier method.
Cox regression analysis was used to identify factors associated with the risk of death. All p-values presented are twosided, and p-values of < 0.05 were considered statistically significant.
Results
Patient characteristics
The baseline patient characteristics are summarized in Table 1 . The median symptom duration was 5 months (range, 1 to 36 months). Left-sided tumors accounted for 53% of cases. The most common complaint at diagnosis was a palpable breast mass. The majority of patients had stage II, clinical (c) T1, and cN0 disease at the time of diagnosis. In the six patients who had a family history of breast cancer, the age at onset of the disease tended to be earlier than in those who did not have a family history of the disease (52.3 years vs. 65.4 years, p=0.051). There were no differences in the tumor grade, hormone receptor (HR) positivity, or HER-2 overexpression status between patients with or without a family history of breast cancer. Among patients with initial stage IV disease, four demonstrated bone metastases and one demonstrated apparent liver metastasis.
Histopathology
The histopathological characteristics are in Table 2 . The most common MBC histological subtype was infiltrating ductal carcinoma (74.5%). Most tumors showed poor or moderate differentiation (35.6%/37.3%). The pathologic (p) T classification data was available for 51 tumors, and most of them were pT1 or pT2. The median tumor diameter was 2.0 cm (range, 0.4 to 9.0 cm). The median number of lymph nodes removed during surgery was 10 (range, 0 to 35). Nineteen patients had pathologically positive lymph nodes, and the mean number of involved lymph nodes was 1.3 (standard deviation, 2.6; range, 0 to 11). Eighteen of 59 patients had histologic evidence of lymphatic invasion.
Among the 42 patients with available data, 90.5% were positive for estrogen receptor (ER) and 64.3% for progesterone receptor (PR) expression. All PR-positive patients were ER-positive. Of the 40 patients with HER-2 expression data obtained using immunohistochemical or fluorescent in situ hybridization analyses, 27.5% showed HER-2 overexpression. There were no differences in the age distribution, family history of breast cancer, alcohol intake, smoking, and disease stage according to the HR positivity and HER-2 overexpression statuses.
Surgery and adjuvant treatment
Details of the treatments administered are in Table 3 . Fifty patients underwent curative surgery, including modified radical mastectomy or total mastectomy. Adjuvant chemotherapy was indicated for node-positive tumors or tumors > 1 cm in size, and 19 of 45 (42.2%) such patients received adjuvant chemotherapy. Of these 19 patients, 15 received anthracycline-based regimens, as follows: seven received adriamycin and cyclophosphamide followed by docetaxel; five received fluorouracil, adriamycin, and cyclophosphamide; one received epirubicin and docetaxel; one received epirubicin and carboplatin; and one underwent adriamycin monotherapy. Two patients were administered a combination of cyclophosphamide, methotrexate, and fluorouracil. One patient received paclitaxel monotherapy and another received oral fluorouracil monotherapy. There were no differences in the age distribution, family history of breast cancer, alcohol intake, smoking, and stage between patients treated with and without adjuvant chemotherapy. Node-positive disease was observed more frequently in patients treated with adjuvant chemotherapy (p=0.007).
Among 35 patients with HR-positive tumors after curative surgery, 27 (77.1%) received adjuvant hormone therapy. One patient did not undergo any adjuvant treatment because of poor compliance. Eleven patients recieved both adjuvant chemotherapy and hormone treatment. In seven patients, the reason for not administering adjuvant hormone treatment was not identified owing to insufficient medical records. There were no differences in the age distribution, family history of breast cancer, alcohol intake, and stage between patients treated with and without adjuvant hormone treatment. However, alcohol consumption was observed more frequently in patients treated with adjuvant hormone therapy (p=0.019). Among 10 patients with HER-2 overexpress- NA, not available. ing tumors, five were indicated for adjuvant trastuzumab; however, they did not receive trastuzumab.
Recurrence and palliative treatment
Eleven patients (22.0%) with localized disease who underwent curative surgery had recurrence at the time of analysis. The most frequent recurrence site was the bone (7 patients, 63.6%), followed by the lungs/pleura (5, 45.5%) and brain (2, 18.2%). Local relapse involving the lymph nodes occurred in three patients (27.3%). HR-positive tumors occurred in 54.5% (6/11) and 18.2% (2/11) of patients with recurrence had HER-2 overexpressing tumors. Between patients who experienced recurrence and those who did not, there were no differences in the HR positivity and HER-2 overexpression status.
In patients with initial stage IV disease, the most frequent metastatic site was the bone (4 patients), followed by the lymph node, liver, and pericardium (1 patient each). In the 16 patients with recurrent or metastatic disease, 13 (81.3%) received palliative treatment. Two patients did not receive anti-cancer treatment because of underlying pneumonia and poor performance status. One patient refused treatment and received best supportive care. In the four patients diagnosed with HER-2 overexpressing disseminated tumors, two received HER-2 targeted palliative treatment. Among eight patients with HR-positive tumors, one patient, who experienced multiple bone metastases under adjuvant chemotherapy and tamoxifen, received palliative letrozole alone without gonadotropin-releasing hormone (GnRH) agonists or orchiectomy, surviving 21 months progression-free. Five patients received palliative chemotherapy after progression under hormone therapy. One patient did not receive any treatment.
Survival outcomes
Eleven patients (18.7%) had died at the time of analysis. The median OS of the 59 patients was 6.3 years (range, 0.6 to 17.0 years). The 5-and 10-year OS rates were 62% and 44% (Fig. 2A) . The median OS and DFS in patients with localized disease were 7.2 years (range, 0.6 to 17.0 years) and 2.9 years (range, 0.6 to 4.3 years). The 5-and 10-year OS rates for patients with localized disease were 66% and 47% (Fig. 2B) . The 5-and 10-year DFS rates for patients with localized disease were 57% and 43% (Fig. 2C) . The median OS in patients with metastatic disease was 2.9 years (range, 0.6 to 4.3 years), with 50% of the 3-year OS rates.
A family history of breast cancer, alcohol intake, smoking, age, and axillary lymph node involvement did not affect the OS or DFS. There was no difference in OS between patients treated with and without adjuvant chemotherapy among the 
Factors associated with OS
The Cox regression analysis of the factors associated with OS is shown in Table 4 . Stage was the only factor significantly associated with survival (p=0.034) in the univariate analysis. Patients with early stage and locally advanced breast cancer showed better OS than those with metastatic disease (9.9 years; 95% CI, 7.97 to 11.97 vs. 2.8 years; 95% CI, 1.27 to 4.51; p=0.019). The HR and HER-2 overexpression status had no effect on the OS (p=0.087 and p=0.280, respectively).
Discussion
In the present study, over a 20-year period, MBC patients were detected in 0.98% of total breast cancer patients across seven institutions in Korea. The global incidence rates of MBC vary widely by location and ethnicity. In Japan, the rate is reported at 0.49%; in the United States and Europe, it is 1%; and across African nations, it is reported at 5%-15% [2, 3, 9, 12] . As the global population ages and diagnostic techniques improve, the global incidence rate of MBC continues to rise.
The distinct histologic characteristics and related biology of MBC compared with FBC have not been fully described, and, therefore, knowledge is still lacking regarding MBC. The median age of MBC onset in our study, 66 years, was consistent with the literature (62-69 years), and is much later than that reported for FBC (< 50 years) [10, 12] . This late onset might be due to a lack of awareness of the early signs of MBC, which may lead to delayed screening and diagnosis [10] . The median symptom duration was reported as 18.6 months by Baek et al. [5] and 13 months by Cho et al. [6] , longer than the median duration of 5 months in the present study. This prolonged period of symptom duration likely contributes to the differences in stage distribution between MBC and FBC patients and may be the reason why metastatic disease is more frequently detected at the time of diagnosis in MBC patients. The rate of disseminated disease in the present study (8.5%) was similar to that reported by Nahleh et al. [13] (8.9%) and Miao et al. [10] (10.9%), whereas the rate for FBC patients was lower (5%-6%).
The rate of familial breast cancer in MBC is reported as 15%-20%, higher than for FBC (7%) [8, 14] . In the present study, MBC patients with a family history of breast cancer (8.5%) had earlier disease onset compared to MBC patients without a family history, although the difference was not significant. Other clinicopathologic features, as well as survival, were not different by family history. These findings were consistent with those of Hill et al. [14] , who did not find any significant effect of family history on stage at diagnosis or survival outcome in MBC patients. Meanwhile, according to Ottini et al. [15] , MBC patients with BRCA2 mutations were more likely to have a family history of breast or ovarian cancers, higher tumor grades, and HER-2 overexpression when compared to those with BRCA1 mutations [15] . Further studies evaluating the BRCA1/2 mutation status in MBC are clinically warranted to understand the genotype-phenotype correlations in MBC patients.
HER-2 overexpression occurs in approximately 25% of FBC cases, and there are contradictory reports about the rate of HER-2 overexpression in MBC. Some researchers suggest that the HER-2 overexpression rates in MBC patients may be higher (30%-56%) than thoses in FBC patients [16] , while others report lower HER-2 overexpression rates in MBC patients (2%-18%) [8, 17] . According to Park et al. [18] , among 10 Korean MBC patients, five (50%) demonstrated HER-2 overexpression. Furthermore, Cho et al. [6] showed that four of 14 MBC patients (28.5%) had HER-2 overexpression. In the present study, 11 of 40 MBC patients (27.5%) overexpressed HER-2. Discrepancies in the HER-2 overexpression rates between these studies are likely explained by the small study populations of each study as well as heterogeneity in the included stages and ethnicities and epidemiological differences.
Since a regression of metastasis after orchiectomy was firstly reported in 1942, orchiectomy has become the standard treatment for advanced disease in MBC and results in a 55% response rate [19] . Following reports of substantial response with anti-estrogen, hormonal therapy is an appealing alternative to surgery, avoiding psychological, morbidity, and mortality risks associated with surgery [20] . Tamoxifen is the standard treatment for adjuvant hormonal therapy over aromatase inhibitor in MBC as well as for metastatic disease. The efficacy of aromatase inhibitors in MBC is ambivalent because of differences in estrogen repression between the sexes. Administration of anastrozole in healthy young men reduced estradiol concentrations by only 50%, limiting the anti-tumor effect of anastrozole, whereas in women, it completely suppressed estrogen levels [21] . In a study of Zagouri et al. [22] with 23 metastatic MBC patients, no significant effects of combination of GnRH analogue and aromatase inhibitor were noted on OS and progression-free survival (PFS). In contrary, in a larger study of 60 metastatic MBC patients, patients treated with aromatase inhibitor in combination with GnRH analogues showed better PFS and OS compared with aromatase inhibitor alone [23] . Currently, the National Comprehensive Cancer Network guidelines suggest that in men with advanced breast cancer, the use of aromatase inhibitors is ineffective without concomitant suppression of testicular steroidogenesis [24] . Interestingly, in our study, one patient with recurrence of multiple bone metastases was on letrozole for 21 months and survived for 90 months after recurrence.
Some studies suggest that MBC has a worse outcome than FBC [11] . The presumption is that the small volume of breast tissue in men, which would permit cancer cells easy access to the lymphatic system and direct extension to the muscles and chest wall, leads to high recurrence rates of cancer [11] . Another explanation could be that MBC is initially diagnosed at a much later age, and that these patients are more likely to have a higher risk of cardiovascular and pulmonary comorbidities [8, 9] . Similarly, because of the advanced age, the use of radiotherapy is more limited in MBC patients compared with in FBC patients [8, 9] . Delayed diagnosis and treatment, and a lack of knowledge of the unique characteristics of MBC could result in a less favorable prognosis for MBC patients compared with FBC patients. Estimates for 5-year survival for MBC patients are reported at 40%-65%, which was similar to 62% of our present study [9] . However, some studies evaluating age-and stage-matched patients did not find any significant survival differences between MBC and FBC patients [9, 10] .
The strengths of the present study are the large sample size and the long-term survival data for MBC patients compared to previous reports in Korea. The Korean male population is well represented because the data were collected from seven institutions, including two tertiary referral and five community hospitals, which provide medical services to mixed urban and rural populations.
However, the study has limitations, including the lack of information regarding molecular characteristics such as BRCA1/BRCA2 mutations and the p53 status. In addition, the pathologic data were collected in a retrospective manner and could not be reviewed for each patient.
At present, the systemic treatment guideline recommended for MBC is almost the same as that for postmenopausal FBC. However, according to this study, other hormonal agents, except tamoxifen and anti-HER-2 therapy, have been underutilized in MBC patients compared with FBC. The reason may be that many of the therapeutic agents used for breast cancer have been specified for FBC, as there is little clinical trial evidence for MBC and therefore limitation of national insurance guidelines. It is logistically difficult to perform prospective randomized clinical trials for the development of the therapeutic regimens for MBC because of paucity of cases. Therefore, the physician and patient should be aware of these limitations and follow a more active approach for treating this disease.
Conclusion
In conclusion, in this study, the HR-positive rate was higher in patients with MBC compared to that reported in patients with FBC, whereas the HER-2 overexpression rate was similar. The survival outcomes in MBC patients were similar to those reported in FBC patients. Personalized treatment should be performed for MBC in concordance with the advances in the treatment of FBC.
